Introduction
process in CRC, including colon homeostasis, inflammation, carcinogenesis, and invasion. 5 MicroRNAs (miRNAs) are small non-coding singlestranded RNA molecules ~22 nucleotides long that regulate human gene expression by combining with the 3′ untranslated region (UTR) of target messenger RNAs (mRNAs) 6 to interfere with the translation of mRNA and protein synthesis. 7 It has been established that genetic variations at crucial loci can influence miRNA-mRNA binding, which may affect the target gene expression and influence an individual's risk of developing cancer. Evidence has indicated that rs3783553, an insertion/deletion polymorphism located in the 3′-UTR of the IL-1α gene, can alter the strength of miRNA-122 and miRNA-378 binding to the IL-1α 3′-UTR. 8 Subsequently, further studies have demonstrated that the rs3783553 polymorphism is associated with various types of cancer, including breast cancer, 9 cervical carcinoma, 10 and ovarian cancer. 8, 11 In the current study, we aimed to clarify the relationship between the IL-1α rs3783553 polymorphism, and CRC risk in a Chinese population. Our data indicated that patients harboring the "TTCA" insertion genotype had a significantly reduced risk of CRC. Furthermore, rs3783553 was associated with not only susceptibility to CRC, but also the clinical features of CRC, including the pathological type and clinical stage.
Materials and methods

Samples
The study population consisted of 382 patients with CRC and 433 unrelated controls. The study was performed with the approval of the ethics committee of the West China Hospital of Sichuan University, and all subjects provided written informed consent. The diagnosis of CRC was confirmed by histopathological analysis. Clinical information, including gender, plus tumor, node, metastasis (TNM) status, and clinical stage, was obtained from surgical and pathological records. The basic characteristics of the study population are summarized in Table 1 . The case group consisted of 231 males and 151 females. The controls were healthy individuals randomly selected from the same hospital; subjects with any personal or family history of CRC or other serious disease were excluded. The control group comprised 274 males and 159 females.
DNA extraction and genotyping
Peripheral venous blood samples were collected from each individual and stored at −20°C. Genomic DNA was extracted from 200 μL EDTA-anticoagulated peripheral blood samples with a commercial DNA kit (TIANGEN Biotech, Beijing, China) according to the manufacturer's protocol. The sequences of the primers used for the genotyping of rs3783553 were 5′-ATTGGTCCGATCTTTGACTC-3′ and 5′-TGATAACAGTGGTCTCATGG-3′. 8 The PCR products were separated by 8% non-denaturing polyacrylamide gel electrophoresis and were analyzed by silver staining. Genotypes were determined by the numbers and sizes of the bands present in the gels. To verify the quality of the results, 20% of DNA samples were randomly selected to undergo a repeated assay, and 10% of the genotypes were confirmed by DNA sequencing, which showed that the results were 100% identical.
Statistical analysis
All data were analyzed using SNPstats (Free Software Foundation, Inc., Boston, MA, USA), assuming codominant, dominant, recessive, overdominant or log-additive genetic models. Allele and genotype frequencies were obtained by directed counting, and Hardy-Weinberg equilibrium (HWE) was evaluated by χ 2 test. Odds ratios (ORs) and 95% confidence intervals (CI) were calculated to evaluate the effects of IL-1α rs3783553 genotype on CRC risk. Differences were considered significant at P<0.05.
Results
The rs3783553 polymorphism in the IL-1α gene was successfully genotyped in 382 patients with CRC and 433 controls. The distribution of genotypes fulfilled HWE in both cases and controls. The genotype and allele frequencies of the rs3783553 polymorphism are shown in Table 2 . Significantly reduced CRC risk was observed to be associated with the insertion (I) allele (P<0.001, OR=0.68, 95% CI 0.55, 0.83). A significantly reduced risk of CRC was found to be associated with the insertion/insertion (I/I) genotype of rs3783553 in a codominant model compared Table 3 
Discussion
In the present study, we identified an association between the 4-base (TTCA/-) insertion/deletion polymorphism of rs3783553 in the IL-1α gene and CRC risk in a Chinese population. Our results suggested that the I allele of the rs3783553 polymorphism may be a crucial protective factor against CRC development. Stratification analyses also revealed associations between rs3783553 genotype and certain clinical features, including TNM and clinical stage. The example output from sequencing and genotyping assays of rs3783553 is shown in Figure 1 .
Inflammation has pros and cons; although it is critical for host defense, the development of uncontrolled inflammation can lead to chronic immune-mediated inflammatory diseases or cancers. 12 IL-1 is a major upstream "alarm" pro-inflammatory cytokine, and is produced and secreted by malignant cells and infiltrating myeloid cells, as well as by normal colon epithelial cells and other stromal cells. 11 IL-1α, a member of the IL-1 family, has been reported to be involved in colon homeostasis, inflammation, and carcinogenesis, and in the invasion of CRC. 5, 13 Recognized as an immune mediator, IL-1α serves multiple roles in the development of cancer. A full understanding of the roles of IL-1α in these processes may contribute to the development of novel IL-1-modulating approaches.
Over recent years, miRNAs and long non-coding RNAs (lncRNAs) have been widely studied in various types of cancer, including CRC. [14] [15] [16] [17] [18] [19] Insertion/deletion polymorphisms may affect target genes expression through regulating the interactions between miRNAs or lncRNAs and target genes. 7, 19 Previous studies have shown that high IL-1 concentrations within the tumor microenvironment are associated with a more virulent tumor phenotype, and IL-1 upregulation has been observed in breast, colon, lung, and head and neck cancers, and melanomas. 20 Recently, miRNAs have emerged as important regulators responsible for altering IL-1α expression. For example, it was shown that an insertion/deletion polymorphism, rs3783553, disrupted a binding site for miRNA-122 and miRNA-378, thereby increasing the transcription of IL-1α. Higher IL-1α expression was observed in the liver tissue of hepatocellular carcinoma patients harboring a homozygous TTCA insertion genotype. 8 In our study, we analyzed the association between the rs3783553 insertion/deletion polymorphism in the predicted miRNA target site of IL-α gene, and the risk of CRC and clinical outcomes. We identified that significantly decreased CRC risk was associated with the IL-1α rs3783553 I/I genotype and the I allele. The results suggest that this polymorphism has a potential role in the progression and prognosis of CRC. Our results are in agreement with certain previous studies, which reported that the risks of gastric cancer, 21 epithelial ovarian cancer, 22 and nasopharyngeal carcinoma 23 were reduced by this polymorphism. In light of the crucial role of IL-1α in CRC tumorigenesis, we assumed that genetic variations at rs3783553 may affect the function of IL-1α and eventually influence the tumor growth, lymph node metastasis, and clinical stage.
In summary, we have demonstrated that the rs3783553 TTCA/-polymorphism influences not only the genetic susceptibility to CRC, but also the TNM and clinical stage of patients with CRC in a Chinese population. This risk may be due to its regulation of the expression of IL-1α, which may contribute to the pathogenesis of CRC. Collectively, these findings suggest that IL-1α rs3783553 has potential applications in patient screening, targeted drug administration, and guiding individualized clinical treatment.
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